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<" DUPLICATE 



Making Foamed Bodies 



The present invention relates to a method and an 
apparatus for making foamed bodies, particularly but not 
5 exclusively those made with a biodegradable or water- 
soluble polymeric material. 

In recent years considerable research has gone into 
the development of biologically degradable polymers, for 
LO example those based on starch. Per example US 5 70S 536 
(Tomka) mentions that a starch foam can be produced by 
mixing powdered starch with water, and extruding the 
mixture while converting the' water to eteat*. Tomka 
indicates that it would he advantageous to use 
15 thermoplastic starch, or polymer blends 

thermoplastic starch, in producing such foamed 
sucTstarch contains typically less than 1% by wex 9 ht of 
water, and Tomxa teache* mixing it with a fibrous 
material such as ramie fibres containing nature. The 
20 mixture can be converted into a foam by extrusion at 
tut „CC. ^ properties of the 
he modified by adding, for example, 
and lubricants to the mixture. As explained 
815 B et al) thermoplastic starch can be made 

30 a»=h as P-W^-^^tJ^. atarcb pU- 
polymer fixture can be mads, from X .liphatie 

Leotly wi* a t V « ™B 

(Mdsreen at all art iel=a baing 

35 artlol** euch aa bo»l. or t»y ^ ^ bein3 

formed betwaan male and Cemale mo 
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made from a starch-baeed composition that also contains 
water and may also contain fibres and inorganic fillers, 
the moulds being heated to between 170° and 220°C. The 
moulds may be of a metal such aa steel or brass, and may 
5 be provided with a nonstick coating of PTFE. Some of the 
resulting water vapour is allowed to escape through a 
vent, while some causae foaming expansion of the material 
in the mould. After a time that ia preferably in the 
range between 30 seconds- and 2 minutes the mould halves 
10 can be separated, and the foamed bodies removed. It will 
be appreciated that a more rapid heating cycle would be 
beneficial . 

According to the present invention there is provided 
15 a method of making a foamed body, in which a polymer 
■ mixture ia introduced into a mould in which the polymer 
mixture is heated to form a foam and to fill the mould, 
the mould being defined between 1 moulding surfaces of two 
opposed parts that mate together, wherein each mould part 
20 is of electrically conducting material and at least one 
of the moulding surfaces is coated with an electrically 
insulating material, and wherein radio-frequency signals 
are applied between the mould parts so that the polymer 
mixture is heated by dielectric heating. 

25 

The radio frequency supply may in principle be at a 
frequency between 1 MHs and 200 MHz, usually between 10 
MHz and 100 MHz, but stringent limits are imposed on any 
emitted radio waves. In practice therefore the choice of 

30 frequency may be more limited- For example the supply 

frequency may be 27.12 MHz, or 40.68 MK3. This provides a 
much more rapid way of heating the polymer mixture, so 
that the heating, foaming and setting requires no more 
than about 15 seconds, and preferably between 5 and 10 

35 seconds. 
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The present invention alao provides an apparatus for 
making a foamed body from a polymer mixture, the 
apparatus including a mould defined between moulding 
surfaces of two opposed parts that mate together, 
5 wherein each mould part is of electrically conducting 
material and at least one of the moulding surfaces is 
coated with an electrically insulating material, and 
means to apply radio -frequency signale between the mould 
parts so that polymer mixture between the mould parts xS 
10 heated by dielectric heating. 

The electrically insulating material used to coat at 
least one of the moulding surfaces is preferably one that 
is not dielectrically heated, for example PFA (perfluoro 
IS alkoxyalkane) . ! 

The polymer mixture is one that contains a material 
which forms a gas or vapour on. heating, and for example 
it may contain water. . The polymer mixture is preferably 
20 a biodegradable polymer mixture, preferably a starch- 
based polymer, and may. include thermoplastic starch. 

The invention will now be further and more 
pa rticularly described, by wsy of example only and with 
25 reference to the accompanying drawings in which: 

Figure 1 Shows a cross -sectional view through the 
upper and lower halves of a mould, when separated, 

,« Figure 2 shov»e a view corresponding to that of 

30 rxyuj.^ -F^m^d body within the 

figure 1 during manufacture of a foamed boay 

mould; and 

Flgura 3 ehowa a dia^a-atlc view o £ the electrical 
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Referring to figures 1 and 2, an apparatus 10 for 
making trays of a foamed starch-baaed polymeric material 
includes upper and lower mould halves, 12 and 14 
respectively, which mate together to leave a narrow 
5 cavity 15 between them in which the tray is to be formed. 
Each mould half 12 and 14 is of brass, and the upper 
mould half 12 has a coating 16 of PPA electrical 
insulator over its entire lower surface. With the two 
halves 12 and 14 separated as shown in figure 1, 
10 polymeric material is 1 introduced into the lower h*lf 14, 
and the upper half 12 is then lowered into position. A 
peripheral ridge la of electrically- insulating alumina on 
the lower half 14 has a sloping inner face, and contacts 
a correspondingly- shaped peripheral rim on the upper half 
15 12 such that the cavity 15 is of uniform thickness 2.5 mm 
and the halves 12 and 14 of the mould are held accurately 
aligned. Radio frequency signals are then applied 
between the two halves 12 and 14, which act as 
electrodes. The alumina ridge 18 ensures that the radio- 
20 frequency signals are concentrated across the cavity 15. 
The polymeric material becomes hot, and water in the 
polymeric mixture boils, so that the material becomes a 
foam filling the entire cavity 15. 

25 Immediately adjacent to the peripheral ridge IB, the 

upper mould half 12 defines a peripheral recess 20 which 
communicates through a narrow slot with the mould cavity 
15. There are several narrow ducts 22 (only one of which 
is shown) extending through the upper mould half 12 from 

30 this peripheral recess 20- Steam from the hot polymeric 
mixture can escape into the peripheral receBe 20, and 
hence escape through the narrow ducts 22. After about 
eight seaonds the polymeric mixture has formed a self- 
supporting tray, and the two halves are again separated, 

35 and the tray removed. 
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It will be appreciated that such an apparatus may be 
used to make a wide range of different products, by using 
appropriately-shaped moulds, and that the products may be 
of any desired shape. For example it may be used to make 
multi- compartment trays, circular or Bquare plates or 
bowls, or cupb, or a clam-shell container formed of two 
shells hinged together along a straight edge. It will 
also be appreciated that, although the apparatus has been 
shown as comprising only a single mould, there might 
instead be several moulds forming an, array, all the 
moulds being connected to a common radio frequency 
supply. 

: 

Referring now to figure 3,. the electrical circuit is 
shown diagrammatically. A radio-frequency signal 
generator 25, which is a solid-state device, supplies the 
radio frequency signal via a coaxial cable 26 to a 
matching network 28, from which the signal is supplied 
via a coaxial cable 30 to the upper mould half 12 , the 
lower mould half 14 being earthed. The matching network 
23 is shown in more detail. The signal passes through a 
variable capacitor 32, an inductor 33, and a variable 
capacitor- 34, and so to the cable 30. A monitoring 
circuit (not shown) monitors the radio frequency current 
and voltage, and adjusts the values of the variable 
capacitors 32 and 34 so- that . the impedance presented to 
the generator 25 remains at a constant value such as 50 
fi. The junction between the- capacitor 32 and the 
inductor 34 is connected through a capacitor 36 to eartn 
potential, and the effective capacitance of this 
capacitor 36 can be adjusted. This has the effect of 
finely adjusting the radio frequency and 
between the live electrode (the upper mould half 12) and 

„ ^rM-hP.a electrode (the lower mould halt 1*1 / 
the opposed, earthed elect V ^ 

and the RF current supplied. It thus 
that is actually supplied between the mould h*lv* 
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14. 

The nature of the polymer is not critical to the 
present invention, although the polymer is preferably a 
5 biodegradable polymer, and ia preferably at least partly 
starch-based. The polymer may include thermoplastic 
atarch, but because this may not contain significant 
quantities of water it may be necessary to include 
another ingredient that provides the requisite water (or 
10 other source of gas or vapour) in order to form the foam. 
A benefit of using thermoplastic atarch is that the 
resulting foamed body, although biodegradable, doee not 
readily dissolve in water. Alternatively the polymer may 
comprise starch granules at least partly gelatinised by 
15 reacting with water. The polymeric mixture may contain 
other polymeric materials, and may also contain 
reinforcing fibres, such as cellulose- organic fibres such 
as those from hemp or cotton or other- plants, Although 
the fibres strengthen the resulting foamed products, the 
20 concentration of fibres preferably does not exceed about 
B0i t and is preferably no more than 25% of the total 
weight. It will also be appreciated that the polymeric 
mixture may be introduced into the mould in the form of a 
film, granules, pellets, a pre- form or a pasty mixture- 

25 

It will be appreciated that the apparatus may be 
modified in various ways, for example the lower mould 
half 14 may be provided with a coating of an electrical 
insulator, as is the upper half 12. In each case this 
30 coating 16 may be of thickness in the range 20 to 50 ym. 
And as mentioned above, the mould shape will depend upon 
the shape of the desired product. When making a product 
that includes a hinge (such as a clam-shell container) , 
the hinge may be provided by a strip of a polymeric non- 
35 foaming material (for example a etrip of hydroxypropyl 
methyl cellulose) placed in the mould along with the 

I0Q69350 2CHMay-03 10:01"! 
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mixture which forma the foam, ao the hinge strip becomes 
integral with the foam parts on each aide of the hinge. 
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Claims 

1. A method of making a foamed body, in which a polymer 
mixture is introduced into a mould in which the polymer 

B mixture is heated to form a foam and to fill the mould, 
the mould being defined between moulding surfaces of two 
opposed parts that mate together, wherein each mould part 
is of electrically conducting material and at least one 
of the moulding surfaces is coated with an electrically 
10 insulating material, and wherein radio- frequency signals 
are applied between the mould parts ao that the polymer 
mixture is heated by dielectric heating. 

2. A method as claimed in claim 1 wherein the radia- 
15 frequency signals are applied at a frequency between 1 

MHz and 200 MHz. 

i 

3. A method as claimed in claim 1 or claim 2 wherein the 
polymer mixture is a biodegradable polymer mixture. 

20 

4. A method as claimed in claim 3 wherein the polymer 
mixture is at least in part starch-based. 

5. An apparatus for making a foamed body from a polymer 
25 mixture , the apparatus including a mould defined between 

moulding surfaces of two opposed parts that mate 
together, wherein each mould part is of electrically 
conducting material and at least one of the moulding 
surfaces is coated with an electrically insulating 
30 material, and means to apply radio-f retjuency signals 
between the mould parts so that polymer mixture between 
the mould parts is heated by dielectric heating. 

6. An apparatus as claimed in claim 5 wherein the 

35 electrically insulating material used to coat at least 
one of the moulding surfaces ie one chat ia not 
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dielectrically heated. 

7. An apparatus as claimed in claim 5 or claim 6 
wherein, when the. mould. part a are together, they are held 

5 apart by an electrical insulator that is thicker than the 
gap defining the mould. 

8 . A method of making a foamed body from a polymer 
mixture, substantially as hereinbefore described with 
reference to, and as shown in, the accompanying drawings. 
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9. An apparatus for making a foamed body from a polymer 
mixture, substantially as hereinbefore described with 
reference to, and as shown in, the accompanying drawings. 



15 



20 
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Abstract 

Making Foamed Bodies 

5 A foamed body is made by introducing a polymer 

mixture into a mould in which it is heated to form a foam 
and to fill the mould. The mould is defined between two 
opposed partB (12, 14) that mate together, arid each mould 
part is of electrically conducting material, and at least 

10 one of the moulding surfaces is : coated (16) with an 
electrically insulating material. Radio-frequency 
signals are applied (25) between the mould parts (12 , 14) 
so that the polymer mixture is heated by dielectric 
heating- This can give a more rapid cycle time than 

15 using heaned mouldB. The radio frequency signals may be 
27.12 MHz, or 40.68 MHz. The polymer may be 
biodegradable and starch-baeed. 



( 
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